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(54) USAGE OF A LAMINATED STRUCTURE IN A BUSBAR SYSTEM OF A WIND TURBINE AND A
WIND TURBINE INCLUDING SUCH A BUSBAR SYSTEM
(67)  Theinventionis related the usage of alaminated

structure (1) of conducting layers (4) and insulating layers
(6) comprising a plurality of contacting holes (8) pene-
trating one or more conducting layers (4) of said laminat-
ed structure (1), wherein each contacting hole (8) com-
prises an insulating sleeve (8a) and a conducting pin (10)
arranged therein which contacts an associated conduct-
ing layer (4) with one end portion end and extends to the

outside of said laminated structure (1) with a second end
portion, as a bus plate (110) for mounting a phase power
converter (120) for converting an electric AC current sup-
plied by an electric generator (130) into an electric AC
current of a grid (300), in a busbar system (100) which
is accommodated in the nacelle (210) of a wind turbine
(200). The invention is further related to a wind turbine
(200) including such a busbar system (100).
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Description

[0001] The invention is related to the usage of a lami-
nated structure in a busbar system of a wind turbine and
awind turbine including such a busbar system, according
to the preamble of claim 1 and 11.

[0002] Multi-phase busbars are used in switchgears to
conduct and distribute alternating electrical current to dif-
ferent electrical devices which are usually installed in
switch gear cabinets. In order to provide for the possibility
to conduct all three phases or even more phases of an
alternating current in a single busbar, multi-phase bus-
bars have been developed which comprise a base layer
and a cover layer of electrically insulating material be-
tween which two or more layers of conducting sheet met-
al, in particular copper, are arranged which are electri-
cally insulated from each other by means of insulating
intermediate layers.

[0003] Anafore-describedbusbarinwhich the different
layers are laminated to each other by means of liquid
resin is described in DE 10 2005 015 945 B4 of the ap-
plicant. The laminated busbar has the advantage that it
is compact and does not tend to delaminate due to re-
pellant forces which may be generated by the alternating
electric currents that are conducted in the different con-
ducting layers, which, in the event of a short circuit, can
be in the range of several thousand ampere (kA).
[0004] Wind turbines usually comprise a rotor driving
an electric generator which upon rotation of the rotor gen-
erates an electric AC current, the frequency and electrical
output power of which strongly depend on the strength
of the wind. In order to compensate for variations in fre-
quency and electrical power, the electric generator is
connected to the input side of a phase power converter,
which converts the AC output power of the generator into
DC power. The DC power is converted into an AC power
again having a frequency which matches the frequency
of the grid to which the wind power generator is connect-
ed.

[0005] The electric generator and the phase power
converter connected thereto are located in a nacelle of
the wind turbine which is rotatably mounted at the end
of a tower at a hight of e.g. 50 m or more above the
ground. In order to optimize the air flow through the rotor,
it is desired to reduce the size of the nacelle. This in turn
requires that the space needed for the electrical wiring
connecting the electric generator, the wind power con-
verter and other electrical components, is minimized.
[0006] One of the main reasons for the space required
by the electrical components in the nacelles of wind tur-
bines is that the electrical supply lines and components
dissipate a great deal of heat when the turbine is in op-
eration due to the high currents produced by the gener-
ator which have to be converted to the higher voltage
level of the grid to which the wind turbine is connected.
[0007] Accordingly, itis an object of the presentinven-
tion to suggest a new usage of a known laminated struc-
ture which allows for a more compact design and an im-
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proved dissipation of thermal energy of a busbar system
and electrical components which are accommodated in
the nacelle of a wind turbine.

[0008] This object is achieved by the usage of a lami-
nated structure as claimed in claim 1.

[0009] Anotherobjectofthe presentinvention is to pro-
vide a wind turbine having a nacelle which allows for a
more compact and cost-efficient design.

[0010] This object is achieved by a wind turbine as
claimed in claim 11.

[0011] According to the invention, a laminated struc-
ture of conducting layers and insulating layers which
comprises a plurality of contacting holes which penetrate
one or more conducting layers of the laminated structure,
and in which each contacting hole comprises an insulat-
ing sleeve and a conducting pin received therein which
contacts an associated conducting layer with one end
portion end and extends to the outside of the laminated
structure with its second end portion, is used as a bus
plate for mounting a phase power converter for convert-
ing an electric AC current supplied by an electric gener-
ator into an electric AC current of a grid, in a busbar sys-
tem which is accommodated in the nacelle of a wind tur-
bine that supplies electric energy to the grid.

[0012] The invention provides for the advantage that
the busbar system, in which the laminated structure is
used, comprises a reduced weight and a more compact
design as compared to prior art busbar systems employ-
ing solid copper bars which are used for the wiring of the
electrical components in the nacelle of known wind tur-
bines.

[0013] A further advantage of the invention can be
seen in that the costs of the wiring of the electrical com-
ponents which are accommodated in a nacelle of a wind
turbine can be significantly reduced due to the reduced
amount of metal, in particular copper sheets, which is
employed for forming the conducting layers in the lami-
nated structure instead of the massive copper bars used
in the prior art.

[0014] Moreover, the invention allows for an improved
safety for operators working in the nacelle of a wind tur-
bine due to the inherent electrical insulation of the differ-
ent conducting layers of the laminated structure and the
option, to also electrically insulate the front side and back
side of the sandwich structure by simply attaching an
additional layer of insulating material if desired. In the
same way, the overall cooling surface for dissipating the
thermal energy generated by the electrical components
and the electric current running through the different con-
ducting layers can be enlarged if the laminated structure
is accommodated without insulating outer layers in an
aeriated housing of insulating material in particular a
switch gear cabinet formed of insulating material inside
the nacelle.

[0015] The invention is hereinafter described with ref-
erence to the accompanying drawings. In the drawings

Fig. 1 is a schematical view of the nacelle of a wind
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turbine showing the electric generator and fur-
ther electrical components which are connect-
ed to the laminated structure which is uses as
a bus plate in a busbar system accommodated
in the nacelle,
Fig. 2 is a schematic cross sectional view of the bus
plate of the busbar system of Fig. 1,
Fig. 3 is a 3-dimensional view of an exemplary em-
bodiment of a circuit breaker which is mounted
to a bus plate of a busbar system having three
input and three output conducting layers by
means of five contacting pins for each phase
which extend to the frontside of the laminated
structure of the bus plate and which are elec-
trically coupled to a corresponding terminal of
the circuit breaker by means of a distribution
bar, and
Fig. 4 isacross sectional view of the bus plate of Figs.
1 and 2 showing the output terminals of the first
circuit breaker, and

[0016] Asitis showninFig. 1, a wind turbine 200 com-
prises a rotor 202 driving an electric generator 130 which
is located inside a nacelle 210 that is rotatably mounted
at the upper end of a tower 204 of the wind turbine 200.
The electric generator 120 is connected to a phase power
converter 120, which converts the electric AC current of
generator 130 into an electric AC current which is sup-
plied to a grid 300. In order to raise the voltage supplied
by the electric generator 130 to a higher level, a trans-
former 160 may be accommodated in the nacelle or al-
ternately in the tower 204 of the wind turbine 200.
[0017] As it can be further seen in more detail from
Figs. 2, 3 and 4, the electric power which is supplied by
the electric generator 130 via the electrical supply lines
for each phase L1, L2, L3 is fed to a laminated structure
1, which is used as a bus plate 110 in a busbar system
100 of the wind turbine 200 to which the phase power
converter 120 and other electrical components are
mounted. The electrical compounds may combine a first
and second circuit breaker 140, 150, which may be con-
trolled by a control unit 170 of the wind turbine 200 or a
control unit 170a of the phase power converter 120, in
order to interrupt the supply of electric power from the
phase power converter 120 to the grid 300 and /or from
the generator 130 to the phase power converter 120 in
the event of a failure.

[0018] For mechanically mounting the phase power
converter 120 and the other electrical components like
the circuit breakers 140, 150 and/or capacitors and in-
ductors, which are not designated with reference numer-
als in Fig. 2, to the bus plate 1 of the busbar system 100,
the conducting layers 4 and insulating layers 6 of the
laminated structure 1 comprise a plurality of contacting
holes 8 which penetrate one or more conducting layers
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4 of the laminated structure 1, as it is shown in detail in
Fig. 4. Each contacting hole 8 comprises an insulating
sleeve 8a which prevents an electric short circuiting of
adjacent conducting layers 4 each of which conducts a
different phase of the electric current which is supplied
by the generator 130 or which is fed to the grid 300 after
being converted by the phase power converter 120. In
each of the contacting holes 8 a conducting pin 10 is
arranged which contacts an associated conducting layer
4 with one end portion end and which extends to the
outside of the laminated structure 1 with a second end
portion, as it is indicated in Fig. 4 with respect to a lam-
inated structure 1 having three conducting layers 4 to
which the input terminals 140a of a circuit breaker 140
are connected. As it is further shown in Fig. 4, comple-
mentary contacting holes may be formed on the opposite
side of the circuit breaker 140, 150, which may receive
conducting pins for mounting additional electric compo-
nents (not shown).

[0019] According to another aspect of the invention,
the laminated structure 1 may comprise afirstand second
laminated sub structure 1a, 1b which is electrically insu-
lated from each other, as it is indicated in Fig. 2 and 3.
The firstlaminated sub structure 1ais adapted to be elec-
trically connected to the grid 300 and to the output ter-
minals 140b of a first circuit breaker 140, whereas the
second laminated sub structure 1b is adapted to be con-
nected to an output side 120b of the phase power con-
verter 120 and at the same time to the input terminals
140a of the first circuit breaker 140.

[0020] Preferably, the first circuit breaker 140, which
represents the main circuit breaker of the wind turbine
200, is a known prior art air circuit breaker which com-
prises at least three input and three output terminals 3.

[0021] In order to reduce the electrical resistance of
the electrical connection between each conducting layer
4 and an associated input terminal 140a of the first circuit
breaker 140, each conducting layer 4 of the second lam-
inated sub structure 1b is preferably electrically connect-
ed to an associated input terminal 140a of the first circuit
breaker 140 by at least two connecting pins 10, e.g. by
5 conducting pins 10, which are preferably interconnect-
ed by a common distribution bar 12, respectively, as it is
shown in Fig. 3. Moreover, in this embodiment, each con-
ducting layer 4 of the first laminated sub structure 1a is
electrically connected to an associated output terminal
140b of the first circuit breaker 140 by at least two con-
ducting pins 10 which are adapted to contact an associ-
ated conducting layer4 of the first laminated sub structure
1a.

[0022] Although the first and second laminated sub
structures 1a and 1b may be provided as two bus plates
1 which are physically connected by a lateral separation
gap 6a which is located between the input terminals 140a
and the output terminals 140b of the first circuit breaker
140, as itis schematically indicated in Fig. 2, there is also
the option to provide the bus plate 110 as a laminated
structure 1 in which the conducting layers 4 are internally
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separated by insulating gaps 6a filled with a known insu-
lating material, which extend along an entire plane of a
conducting layer 4, as it is indicated in Fig. 3.

[0023] Accordingto afurther embodiment of the inven-
tion, the laminated structure 1 may comprise a third in-
sulated sub structure 1 ¢ which is electrically insulated
from the first and the second laminated sub structures
1a, 1b in the same way as described herein before with
regard to the first and second laminated sub structures
1a and 1b. The third laminated sub structure 1c which is
shown in Fig. 2 may be electrically connected to the elec-
tric generator 130 and at the same time to a plurality of
input terminals 150a of a second circuit breaker 150,
which is electrically arranged between the generator 130
and the input side 120a of the phase power converter
120. In thisembodiment, the second laminated sub struc-
ture 1b is further adapted to be connected to the input
side 120a of the phase power converter 120 and at the
same time to the output terminals 150b of the second
circuit breaker 150. Although not shown in the drawings,
the second laminated sub structure 1b may also com-
prise an insulating separation gap 6a to electrically sep-
arate the input side 120a from the output side 120b.
[0024] In this embodiment, each conducting layer 4 of
the third laminated sub structure 1c is electrically con-
nected to an associated input terminal 150a of the second
circuit breaker 150 by at least two conducting pins 10
which are preferably interconnected by a common distri-
bution bar 12, as it has been described herein before with
reference to the first main circuit breaker 140 and which
contact an associated conducting layer 4. In this embod-
iment, each conducting layer 4 of the second laminated
sub structure 1b is electrically coupled to an associated
output terminal 150b of the second circuit breaker 150
by at least two conducting pins 10, which are preferably
electrically coupled by a common connection bar 12 and
which are adapted to contact an associated conducting
layer 4 of the second laminated sub structure 1b as it is
shown in Fig. 3.

[0025] According to another aspect of the present in-
vention, the phase power converter 120 and at least the
first circuit breaker 140 and preferably also further elec-
trical components like capacitors and/or inductors which
are indicated in Figs. 1 and 2, may be mounted to con-
ducting pins 10 of the bus plate 110 which extend out of
the contacting holes 8 on the same side of the laminated
structure 1. This provides for an even cooling surface on
the rear side at the bus plate 110.

[0026] According to another object of the present in-
vention, the laminated structure 1 is a flat structure which
comprises a front side, which is formed of an insulating
material or covered with such an insulating material, from
which the conducting pins 10 for mechanically mounting
the phase power converter 120 and any other electrical
devices project. The flat laminated structure of this em-
bodiment may further comprise an electrically conducting
rear side, which may be formed by an uncoated layer of
sheet metal, preferably copper, which is electrically con-
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nected to protective earth of the grid 300, in order to dis-
sipate the thermal energy which is generated in the con-
ducting layers 4 of the laminated structure 1. The lami-
nated structure 1 which forms the bus plate of the busbar
system 100 may be directly coupled to a frame of the
nacelle 210 or a switch gear 400, in order to mechanically
hold the electrical components and at the same time pro-
vide for a highly efficient supply of the electrical compo-
nents with electric power.

[0027] The laminated structure 1 is preferably ar-
ranged in a switch gear 400 which is located inside the
nacelle 210 of the wind turbine 200, and may form the
rear wall or sidewall of the switch gear 400.

Listing of reference numerals

[0028]

1 laminated structure

1a first substructure

1b second substructure

1c third substructure

4 conducting layers

6 insulating layers

8 contacting holes

8a insulating sleeve

10 conducting pin

12 distribution bar

100 busbar system

110 bus plate

120 phase power converter

120a input side of phase power converter

120b output side of phase power converter

130 electric generator

140 first circuit breaker

140a input terminals of first circuit breaker

140b output terminals of first circuit breaker

150 second circuit breaker

150a input terminals of second circuit breaker

150b output terminals of second circuit breaker

160 transformer

170 control unit

170a control unit for controlling phase power con-
verter

200 wind turbine

202 rotor

204 tower

210 nacelle

300 grid

400 switch gear

L1toL3 electrical phase of AC current

Claims

1. Usage of alaminated structure (1) of conducting lay-
ers (4) and insulating layers (6) comprising a plurality
of contacting holes (8) penetrating one or more con-
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ducting layers (4) of said laminated structure (1),
wherein each contacting hole (8) comprises an in-
sulating sleeve (8a) and a conducting pin (10) ar-
ranged therein which contacts an associated con-
ducting layer (4) with one end portion end and ex-
tends to the outside of said laminated structure (1)
with a second end portion, as a bus plate (110) for
mounting a phase power converter (120) for convert-
ing an electric AC current supplied by an electricgen-
erator (130) into an electric AC currentofagrid (300),
in a busbar system (100) which is accommodated in
the nacelle (210) of a wind turbine (200).

Usage according to claim 1,

characterized in that,

said laminated structure (1) comprises a first and
second laminated sub structure (1a), (1b) electrically
insulated from each other, wherein the firstlaminated
sub structure (1a) is adapted to be electrically con-
nected to the grid (300) and to the output terminals
(140b) of afirst circuit breaker (140), and in that said
second laminated sub structure (1b) is adapted to
be connected to an output side (120b) of said phase
power converter (120) and to the input terminals
(140a) of said first circuit breaker (140).

Usage according to claim 2,

characterized in that each conducting layer (4) of
said second laminated sub structure (1b) is adapted
to be electrically connected to an associated input
terminal (140a) of said first circuit breaker (140) by
at least two connecting pins (10), and in that each
conducting layer (4) of said first laminated sub struc-
ture (1a), (1b) is electrically connected to an associ-
ated output terminal (140b) of said first circuit break-
er (140) by at least two conducting pins (10) which
are adapted to contact an associated conducting lay-
er (4) of said first laminated sub structure (1a).

Usage according to claim 3,

characterized in that

each of said at least two conducting pins (10) con-
nected to a conducting layer (4) are electrically in-
terconnected by a common distribution bar (12).

Usage according to claims 2 to 4,

characterized in that

said laminated structure (1) comprises a third insu-
lated sub structure (1c) which is electrically insulated
from the first and the second laminated sub struc-
tures (1a), (1b), wherein the third laminated sub
structure (1a) is adapted to be electrically connected
to the electric generator (130) and a plurality of input
terminals (150a) of a second circuit breaker (150),
and in that said second laminated sub structure (1b)
is adapted to be connected to an input side (120a)
of said phase power converter (120) and to the output
terminals (150b) of said second circuit breaker (150).
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10.

1.

Usage according to claim 5,

characterized in that each conducting layer (4) of
said third laminated sub structure (1c) is electrically
connected to an associated input terminal (150a) of
said second circuit breaker (150) by at least two con-
ducting pins (10) contacting the conducting layer (4),
and in that each conducting layer (4) of said second
laminated sub structure (1b) is electrically connected
to an associated output terminal (150b) of said sec-
ond circuit breaker (150) by at least two conducting
pins (10) which are adapted to contact an associated
conducting layer (4) of said second laminated sub
structure (1b).

Usage according to claim 6,

characterized in that

each of said at least two conducting pins (10) con-
nected to a conducting layer (4) are electrically in-
terconnected by a common distribution bar (12).

Usage according to any of the claims 2 to 7,
characterized in that said phase power converter
(120) and at least said first circuit breaker (140)
and/or further electrical components like capacitors
and/orinductors are mounted to conducting pins (10)
extending out of the contacting holes (8) on the same
side of the laminated structure1.

Usage according to claim 8,

characterized in that

said laminated structure 1 comprises a front side,
which is formed of an insulating material, to which
the phase power converter (120) is mounted, and an
electrically conducting rear side, which is formed by
an uncoated layer of sheet metal which is electrically
connected to protective earth of the grid (300).

Usage according to any of the preceding claims,
characterized in that

said laminated structure (1) is arranged in a switch
gear (400) which is located inside the nacelle (210)
of the wind turbine (200).

Wind turbine (200) comprising a rotor (202), an elec-
tricgenerator coupled to the rotor (202) and anacelle
(210) in which the electric generator (130) and a
phase power converter (120) for converting an elec-
tric AC current supplied by the electric generator
(130) into an electric AC current of a grid (300) are
accommodated, wherein the electric generator (130)
and the phase power converter (120) are electrically
connected to a busbar system (100) which is located
inside the nacelle (210),

characterized in that

the busbar system (100) comprises a bus plate (110)
for mounting the phase power converter (120) which
includes a laminated structure (1) of conducting lay-
ers (4) and insulating layers (6) having a plurality of
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contacting holes (8) penetrating one or more con-
ducting layers (4) of said laminated structure (1), and
that each contacting hole (8) comprises an insulating
sleeve (8a) and a conducting pin (10) arranged
therein which contacts an associated conducting lay-
er (4) with one end portion end and extends to the
outside of said laminated structure (1) with a second
end portion.

Wind turbine according to claim 11,

characterized in that,

said laminated structure (1) comprises a first and
second laminated sub structure (1a), (1b) electrically
insulated from each other, wherein the first laminated
sub structure (1a) is adapted to be electrically con-
nected to the grid (300) and to the output terminals
(140b) of afirst circuit breaker (140), and in that said
second laminated sub structure (1b) is adapted to
be connected to an output side (120b) of said phase
power converter (120) and to the input terminals
(140a) of said first circuit breaker (140).

Wind turbine according to claim 12,

characterized in that

each conducting layer (4) of said second laminated
sub structure (1b) is adapted to be electrically con-
nected to an associated input terminal (140a) of said
first circuit breaker (140) by at least two connecting
pins (10), and in that each conducting layer (4) of
said first laminated sub structure (1a), (1b) is elec-
trically connected to an associated output terminal
(140b) of said first circuit breaker (140) by at least
two conducting pins (10) which are adapted to con-
tact an associated conducting layer (4) of said first
laminated sub structure (1a).

Wind turbine according to claim 13,

characterized in that

each of said at least two conducting pins (10) con-
nected to a conducting layer (4) are electrically in-
terconnected by a common distribution bar (12).

Wind turbine according to any of the claims 12 to 14,
characterized in that

said laminated structure (1) comprises a third insu-
lated sub structure (1c) which is electrically insulated
from the first and the second laminated sub struc-
tures (1a), (1b), wherein the third laminated sub
structure (1a) is adapted to be electrically connected
to the electric generator (130) and a plurality of input
terminals (150a) of a second circuit breaker (150),
and in that said second laminated sub structure (1b)
is adapted to be connected to an input side (120a)
of said phase power converter (120) and to the output
terminals (150b) of said second circuit breaker (150).
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